Objective: To determine the functional outcomes in young, active individuals after sternoclavicular (SC) joint reconstruction.
INTRODUCTION
Sternoclavicular (SC) joint injuries are rare, comprising only 3% of shoulder girdle injuries and 1% of all dislocations. 1, 2 This may be attributable to the significant stability provided by the SC joint capsule and ligamentous complex. 3 The posterior ligamentous structures are more robust, possibly accounting for the relatively higher reported incidence rates of anterior SC joint dislocations. [1] [2] [3] [4] [5] Although anterior SC joint dislocations are often more symptomatic, posterior dislocations are associated with greater morbidity and mortality, specifically with mediastinal, esophageal, and/or tracheal encroachment in up to 30%. [6] [7] [8] In the absence of cardiopulmonary compromise, the majority of SC joint dislocations can be successfully managed nonoperatively with physical therapy. 8 However, nonoperative management may occasionally lead to progressive symptomatic posttraumatic arthritis of the SC joint. 9 Persistent dynamic instability associated with pain can prevent full return to work or sporting activity, and this may necessitate operative management. 10 Surgical fixation may also be indicated for the treatment of chronic traumatic anterior or posterior SC dislocations that remain irreducible and symptomatic despite a prolonged course of rehabilitation.
There is no consensus on the optimal method for addressing acute or chronic episodes of SC joint instability or medial clavicle fractures. 7, 11 Various techniques have been proposed, including Kirschner wire fixation, 12 screws, 13 plates, 14, 15 transosseous sutures with 16 and without 17 suture anchors, and graft reconstruction. 4, 11, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Fixation may also be supplemented with open 29 or arthroscopic 30 medial clavicle excision in an order to mitigate the risk of symptomatic posttraumatic SC joint arthrosis. However, existing clinical series are limited by their retrospective nature, limited analytic evaluation, and significant clinical heterogeneity, both in terms of patient demographics and injury characteristics. Consequently, there is a need for larger clinical series to guide surgical decision-making for this rare and potentially devastating injury. The primary goal of this study was to determine the functional outcomes in young active individuals after SC joint reconstruction, while performing a descriptive clinical analysis and quantifying perioperative risk with surgical management. Demographic and occupational data were extracted from the database, including age and branch of service. The investigators then performed line-by-line analysis of the Armed Forces Health Longitudinal Technology Application (AHLTA) electronic medical record to confirm the diagnosis, surgical procedure, and date of surgery and to collect additional patient-based (eg, sex, military rank, laterality, hand dominance, injury characteristics) and surgical factors (eg, indication for surgery, technique, graft or implant type), clinical and functional outcomes including perioperative complications, preoperative and postoperative self-reported pain score (scale, 0-10) and range of motion, secondary surgical interventions, timing of return to duty, and deployment history. All diagnoses were confirmed by an orthopaedic surgeon based on the combination of history, reproducibility on physical examination, and confirmatory basic or advanced radiographic imaging. Junior enlisted rank was defined as rank grade E1 through E5, with senior enlisted E6 and above. Officers and warrant officers were considered separately. The primary outcomes of interest were clinical failure, defined as either subjective reports of recurrent instability or secondary reoperation, and medical separation due to persistent shoulder girdle dysfunction. At the time of surgery, all patients were on some degree of activity restriction secondary to their respective shoulder girdle complaints.
PATIENTS AND METHODS
Statistical means with 95% confidence intervals and/or SD were calculated for the continuous variables. Categorical data were expressed as frequencies or percentages. Univariate and x 2 analysis was performed to evaluate the association between potential risk factors and the primary outcome measures. A P value of less than 0.05 was considered statistically significant.
Surgical Technique
In the supine position, the contralateral hemithorax and affected operative extremity are sterilely prepared and draped. A curvilinear incision of 8 to 10 cm is made over the SC joint down through subcutaneous tissue to the confluent fascial layer representative of the origin of the pectoralis major and insertion of the sternocleidomastoid. The fascia is incised and underlying SC joint capsule is incised and elevated subperiosteally, exposing the joint. At this point, the intra-articular disk is excised. The graft is harvested at this point, prepared in a typical fashion, and measured. A drill of appropriate caliber for the graft (often 4 mm) is used to create 2 anteroposterior tunnels in both the clavicle and manubrium, each roughly 1 cm from the joint, protecting the mediastinal structures posteriorly throughout. At this point, the pretensioned graft is passed in figure-of-eight fashion through the bone tunnels, with the cruciate limbs anterior. The joint is held reduced as the graft is tensioned and the tails are approximated and secured to each other with nonabsorbable, high-tensile suture. This is followed by a water-tight layered closure as preferred.
Postoperative Rehabilitation Protocol
Postoperatively, patients were generally immobilized in a sling for 6 weeks. At 2 weeks postoperatively, gentle pendulum exercises were commenced, followed by increasing range of motion exercises until 3 months. Strengthening began at 3 months, and by 6 months the patients were permitted to perform regular activity without restrictions.
Demographics
Our series included 14 active duty servicemembers undergoing surgery by 6 separate orthopaedic surgeons. The average age was 25.6 6 6.4 years, and the majority were male (n = 13, 92.9%) and right-hand dominant (n = 12, 85.7%). Branch of military service included the Marine Corps (n = 5), Army (n = 4), Navy (n = 4), and Air Force (n = 1), and 11 (78.6%) servicemembers were junior enlisted. Twelve cases (85.7%) were chronic at the time of surgery, with an average of 18.8 months after initial injury. The average follow-up was 26.8 6 12.9 (15.5-59.0) months. Traumatic etiologies included 2 motor vehicle collisions, 1 fell from a bicycle at high speed, 1 fell down a ship ladder well, 3 had combative-related injuries, 3 sports-related injuries, and 2 ground-level falls (Table 1) . No definitive mechanism of injury was indicated in the medical record for the remaining 2 patients.
RESULTS
Eight (57.1%) patients presented with anterior and 6 (42.9%) with posterior SC joint dislocations. All patients experienced pain and mechanical clicking or popping in the affected shoulder with provocative overhead movements. Two (14.3%) complained of dysphagia and 2 (14.3%) of dyspnea at rest (posterior, n = 3). SC joint dislocation was missed in 10 patients (71.4%) on initial evaluation in the primary care or emergency setting. Dislocation was evident in 3 of 11 (27.3%) with designated SC joint radiographic series and 7 of 12 (58.3%) with CT scans. Significant mediastinal compression was appreciated in 2 patients. Soft tissue graft figure-of-eight reconstruction (autograft, n = 6; allograft, n = 6) was performed in 12 patients (85.2%), whereas 1 patient each underwent primary capsular repair and suture figure-of-eight reconstruction, respectively. Autografts included 4 gracilis and 2 semitendinosus autografts. Medial clavicle resection was performed in 3 patients (21.4%). The self-reported pain score decreased on average from 4.2 (range, 2-7, n = 13) to 2 (range, 0-5, n = 13) at final follow-up, whereas all but 1 patient reported a minimal pain (0-3). Preoperative and early postoperative shoulder range of motion improved consistently at the 3-and 6-month followups in all patients for whom range of motion was measured. Abduction improved an average of 35 degrees (26.9%, n = 4), from 91 6 6 degrees to 159 6 17 degrees, and forward flexion improved an average of 68 degrees (74.6%, n = 4) from 130 6 47 degrees to 165 6 9 degrees (74.6%) at final follow-up.
Ten servicemembers (71.4%) returned to full active duty at an average of 6.5 6 1.7 months postoperatively; of the 4 (28.6%) who did not, 2 underwent medical separation at an average of 13.3 6 4.6 months postoperatively and 2 others are at present on limited duty restrictions and in the process of medical separation. Two of those medically separated had figure-of-eight graft reconstruction (1 allograft and 1 autograft), whereas the other two had primary capsular repair and suture figure-of-eight reconstruction. Six servicemembers (42.9%) completed their military obligation at an average of 15.6 6 5.7 months postoperatively, and 6 remain on active duty without limitation or activity modification. Three servicemembers (21.4%) also participated in postoperative combat deployments.
There were a total of 6 postoperative complications in 6 patients (35.7%), including 2 cases of recurrent instability (one at 2.7 and the other at 42 months postoperatively) (14.3%), 1 transient scapular winging secondary to compensatory scapular dyskinesis (7.1%), 1 adhesive capsulitis (7.1%), 1 wound dehiscence (7.1%), and 1 scar hypertrophy with hypersensitivity necessitating scar revision. The scapular winging markedly improved with targeted physical therapy with no further sequelae. One patient underwent revision reconstruction for recurrent instability (7.1%). Late sequelae of the injury included 3 cases of posttraumatic SC joint arthrosis, one of which had had a partial medial clavicle resection during the primary procedure. However, no patients required other further treatments aside from scar revision.
Statistical Analysis
Posttraumatic osteoarthrosis of the SC joint was found to be the only statistically significant predictor of medical separation on univariate analysis (P = 0.048). Although there were no significant predictors of clinical failure, the presence of complications (P = 0.065), posttraumatic osteoarthrosis (P = 0.063), recurrent instability (P = 0.083), and reoperation (P = 0.083) trended toward significance.
Posterior dislocations were missed more often than anterior dislocations on initial evaluation (100% vs. 50%, P = 0.08) and on average demonstrated a significantly greater improvement in (decrease of 5 vs. 0.6) self-reported pain scores and significantly lower absolute self-reported pain scores at 6 weeks (0.4 vs. 3.7, P = 0.001), 3 months (3.3 vs. 0.6, P = 0.03), and 6 months (3 vs. 0, P = 0.02) postoperatively. Return to duty (75% vs. 67%, P = 0.28), medical separation rate (25% vs. 33%, P = 1.0), time to surgery, and perioperative complication rates (38% vs. 33%, P = 1.0) were similar between anterior and posterior dislocation subgroups, respectively.
Patients who underwent autograft reconstruction took significantly less time to return to full duty postoperatively (5.3 vs. 7.6 months, P = 0.02). However, there were a greater number of complications (50% vs. 16.7%), recurrent instability (16.7% vs. 0%), and reoperation (16.7% vs. 0%) in the autograft group, although this did not reach statistical significance (Table 2) .
DISCUSSION
Since the first description of a traumatic SC joint dislocation over 150 years ago, 31 a variety of surgical techniques have been described for the management of both acute and chronic dislocations. Figure- of-eight soft tissue graft reconstruction has evolved as the most widely accepted technique because of its superior biomechanical performance over other previous techniques. 5 In a cadaveric model comparing 3 reconstruction techniques, 19, 21, 29 the figure-of-eight technique demonstrated the least laxity in both the anterior and posterior directions (36.9% and 3.8%, respectively) in addition to over 3-to 4-fold the average peak load in both the anterior and posterior directions. 5 However, all techniques were inferior to the native SC ligaments with regard to both anterior and posterior stability.
Despite this limited consensus, prevailing expert opinion in support of this technique is based solely on few selected biomechanical studies, 5, 17 case reports, 20, 21, 23 and small noncomparative series 11, 18, 22, 24, 25 demonstrating favorable preliminary clinical outcomes (Table 3) . Bae et al 18 reviewed the outcomes of 15 adolescents with anterior SC dislocations, eight of whom underwent figure-of-eight semitendinosus autograft reconstruction. Despite no reported complications, they found that only 60% of patients had stable pain-free joints at 4-year follow-up, and 13% experienced persistent instability. In a later series of 6 patients who underwent autologous hamstring reconstruction using the figure-ofeight construct, the authors found that all patients were able to return to full activity without limitations at 22 months postoperatively. 25 Similarly, Guan et al retrospectively reviewed 6 patients who had undergone a modified figure-of-eight reconstruction using a hamstring autograft tunneled through unicortical drill holes. At a mean of 40-month follow-up, the authors found that all patients demonstrated improved pain, range of motion, and return to their preoperative activity level (4 athletes), with only 1 revision reconstruction with medial clavicle excision for atraumatic symptomatic recurrence at 4 years postoperatively. 22 In the largest and most recent case series using figureof-eight reconstruction, Sabitini et al reviewed allograft figure-of-eight reconstruction with disk excision augmented with biotenodesis screws in 10 patients with chronic anterior SC joint dislocations. 24 The authors found significant improvements in ASES and VAS scores, although 67% still reported limitations during sports and recreational activities at final follow-up. Additionally, 1 patient experienced a symptomatic recurrence and 1 developed posttraumatic osteoarthritis. Despite the low-profile construct, the authors reported a 20% rate of patient-reported knot discomfort.
To date, we present the largest series of SC reconstruction using primarily the figure-of-eight graft reconstruction technique in a young highly-active patient population. All of our patients for whom data were available experienced significant improvements in pain (n = 13) and range of motion (n = 4). Although most patients (n = 10, 71.4%) in this study returned to full active duty at an average of 6.5 6 1.7 months postoperatively, 4 (28.6%) had undergone or were in the process of medical separation due to persistent shoulder disability, one of them also underwent revision reconstruction (7.1%). The inability to return to full active duty reflects the true limitations of the procedure in returning the high-demand individual to preinjury activity levels. This is consistent with existing series reporting 67%-87% of patients reporting postoperative limitation. 18, 24 The impact of chronicity has not been established in the literature. The average time from injury to surgery in our study was greater than that reported in other series. 22, 24, 25 This may be due to a larger predominance of posterior dislocations, for which the average time to diagnosis was significantly longer (16.6 vs. 10.6 months for anterior dislocations). All 6 posterior dislocations were initially misdiagnosed, which is consistent with the literature, as posterior dislocations are more easily overlooked because of the lack of obvious deformity and potentially subtle symptomatology. 4, 8 Surprisingly, the SC dislocations were evident in only 85.7% of CT scans, 27.3% of designated SC radiographs, and none of the nonspecific plain radiographs of the chest, shoulder, and clavicle. Although plain radiographs even with designated SC views may miss the dislocation, CT is thought to be the most reliable diagnostic modality. 1, 8 However, if the dislocation is dynamic and reduced at the time of CT, it may be missed and should be accompanied by a careful physical examination.
Although anterior dislocations are far more common, 2 the high preponderance of posterior dislocations is likely reflective of their more symptomatic nature. Comparatively, the posterior dislocation subgroup demonstrated greater postoperative improvement in pain at final follow-up, which may be attributable to the more symptomatic nature and therefore greater capacity for clinical improvement among posterior dislocations.
In the first comparison of autograft to allograft figure-ofeight reconstruction, we found faster return to full duty in the autograft subgroup despite increased perioperative complications and clinical failures, although these also did not reach statistical significance. Autografts have been favored because of the benefits of improved biologic integration and increased strength. 18, 22, 25 Similar to reported rates of 10%-17%, 22, 24 there were 2 patients with recurrent instability (14.3%) and one who elected for revision reconstruction (7.1%).
Finally, in lieu of reconstruction, medial clavicle resection with maintenance or reconstruction of stabilizing structures has been advocated in the setting of chronic dislocations. 8, 29 In our series, the medial clavicle was resected in 3 patients (21.4%); however, one of these patients went on to develop recurrent instability and persistent pain. This underscores the importance of judicious resection, taking care not to overresect and thereby destabilize the joint. 32 Similar to the few existing series, our study is limited largely by its retrospective nature and diversity of injury mechanism of injury, clinical presentation, and time to surgery. However, within this active subset, we have attempted to elucidate differences in clinical outcomes by the type of SC injury (eg, anterior vs. posterior), graft choice (eg, autograft vs. allograft), and time to treatment. Additionally, although this patient population too is heterogeneous to a degree, it is perhaps one of the more homogenous cohorts with respect to the existing studies in that we isolate predominant young males with very specific and strict physical demands. Because of the low incidence of this injury, a large multicenter study or metaanalysis would be necessary to more rigorously evaluate surgical variables and clinical outcomes after SC joint reconstruction. Furthermore, we were only able to assess short-term to intermediate-term outcomes. However, we followed the majority of patients to the point of separation, allowing an accurate appraisal of return to high-demand activity postoperatively. With a 12-month minimum followup, we identified four patients who were medically separated and would otherwise be excluded based on limited follow-up. Additionally, we identified a significant number of patients who were already separated by the time of final follow-up.
SC joint dislocations are a rare entity and the management remains controversial. In the largest series to date involving figure-of-eight soft tissue graft reconstruction in young active individuals, we found no significant difference in outcomes between the subgroups with anterior and posterior dislocations or the graft type. The autograft subgroup demonstrated faster return to full duty despite increased perioperative complications and clinical failures. However, although reconstruction provided adequate pain relief and restoration of range of motion in this young high-demand cohort, 35% experienced postoperative complications, 7% required revision reconstruction for recurrent instability, and roughly one-third (28.6%) were medically separated because of persistent shoulder disability at short-term follow-up.
